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ABSTRACT Toxicity of three mosquito oviposition repellents, N,N-diethyl-3-methylbenzamide
(AI3-22542 or deet), AI3-35765, and Al3-37220 to 6 aquatic nontarget invertebrates, was evaluated
in the laboratory. The 24-h LC;, values for Cypricercus sp. (Ostracoda), Moina sp. (Cladocera),
Eucyclops agilis Koch (Copepoda), Strelkovimermis spiculatus Poinar & Camino (Nematoda), first-
and fourth-instar Toxorhynchites amboinensis Doleschall larvae (Diptera), and fourth-instar Chi-
ronomus decorus Johannsen larvae (Diptera) ranged from 0.012 to 0.127% or 120 to 1,270 ppm.
Cypricercus sp., Moina sp., E. agilis, first-instar Tx. amboinensis and fourth-instar C. decorus were
generally more sensitive to the test repellents than male and female S. spiculatus and fourth-instar
Tx. amboinensis. Male S. spiculatus was more sensitive to the repellents than its female and this was
probably because of the smaller body size of the male. All invertebrates were generally more sensitive
to AI3-37220 than to deet and AI3-35765. The experimental repellents were considered safe to the
aquatic nontarget organisms when employed as oviposition repellents for Aedes albopicus (Skuse)
mosquitoes.
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A RECENT LABORATORY and field investigation concern-
ing the insect repellent AI3-22542 or deet (N,N-
diethyl-3-methylbenzamide) and two new experi-
mental mosquito repellents, AI3-37220 and AI3-35765,
revealed that the latter two compounds are effective
oviposition repellents of Aedes albopictus (Skuse) at
rather low rates of application (R.-D.X. and D.R.B,,
unpublished data). It was also discovered that the two
experimental skin repellents, when used as oviposition
repellents of container-inhabiting mosquitoes in the
laboratory and field, provided sustained mortality of
mosquito larvae for several weeks (R.-D.X.and D.R.B,,
unpublished data). Although the mosquito larvicidal
property of these compounds is advantageous for mos-
quito control purposes, their compatibility with non-
target organisms co-existing with mosquito larvae in
the aquatic environments is currently unknown.
Among the numerous nontarget benthic invertebrates
and zooplankton, species of Ostracoda, Copepoda,
Cladocera, Chironomidae, Nematoda, and the preda-
torial mosquito larvae Toxorhynchites spp. may co-exist
with mosquito species in a variety of aquatic ecosys-
tems (Mulla et al. 1979). Consequently, we studied the
toxicity of deet, AI3-37220, and AI3-35765 to six se-
lected species of nontarget aquatic invertebrates in
the laboratory. This information is essential for un-
derstanding of environmental safety of these com-
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pounds and their field development and use as mos-
quito oviposition repellents.

Materials and Methods

Selection of Test Organisms. Six aquatic inverte-
brates Cypricercus sp. (Ostracoda), Moina sp. (Clado-
cera), Eucyclops agilis (Koch) (Copepoda), Strel-
kovimermis spiculatus Poinar & Camino (Nematoda),
Chironomus decorus Johannsen (Diptera: Chironomi-
dae), and Toxorhynchites amboinensis Doleschall
(Diptera: Culicidae) were selected as test organisms.
The three crustacean and one chironomid species rep-
resenting different taxonomic orders and classes were
chosen because of their wide distribution and abun-
dance among aquatic communities, their representation
from different functional feeding groups, and because of
their varying sensitivities to environmental pollution
(Dunkel and Richards 1998). The nematode and the
predatory mosquito larvae were tested because these

Table 1. Acute toxicity of three mosquito repellents to three
different crustaceans, Cypricercus sp. (Ostracoda), Moina sp.
(Cladocera), and Eucyclops agilis (Copepoda), collected from the
field and exposed to the repellents in the laboratory

24-h lethal conc, %

Cypricercus sp. Moina sp.
LCy, LCy, Slope LCs, LCq, Slope LCs, LCy, Slope
AI3-37220 0.012 0.040 246 0.012 0.040 2.41 0.015 0.057 2.17

AI3-35765 0.023 0.072 2.59 0.020 0.074 227 0.016 0.059 2.31
AI3-22542 0.012 0.033 298 0.024 0.081 2.43 0.014 0.066 1.91

Repellent E. agilis
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Table 2. Acute toxicity of three mosquito repellents to a
laboratory-reared male and female adult population of the
nematode, Strelkovimermis spiculatus exposed to the repellents in
the laboratory

24-h lethal conc, %
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Table 3. Acute toxicity of three mosquito repellents to
laboratory-reared first- and fourth-instar predatory larvae of the
mosquito, Toxorhynchites amboinensis, and to field-collected
fourth-instar larvae of chironomid midge, Chironomus decorus,
exposed to the repellents in the laboratory

24-h lethal concn, %

Repellent Male Female
LCs, LCop Slope LC, LCop Slope Repellent Tx. amboinensis C. decorus
1st instar 4th instar 4th instar
AI3-37220 0027 0077 285 0070 0437 16l
AI3-35765 0036 0105 279 0094 0599 1.59 LCs LGy Slope LCsy LCyy Slope LCsq LCy, Slope
Al3-22542 0043 0180 206 0127 0717 170 A13.37990 0017 0.043 324 0.056 0.100 5.11 0017 0.058 2.46
AI3-35765 0.019 0.045 3.49 0.085 0.190 3.68 0.024 0.105 2.02
AI3-22542 0.022 0.096 2.01 0.100 0.200 426 0.024 0.064 3.04

organisms are employed for biological control of mos-
quitoes in aquatic environments.

Test Repellents. The experimental repellents
AI3-37220 [1-(3-cyclohexen-1-ylcarbonyl)-2-methyl-
piperidine| (98.5% liquid), AI3-35765 [1-(3-cyclo-
hexen-1-ylcarbonyl)-piperidine]  (98.5% powder)
were provided by Insect Chemical Ecology Research
Laboratory, USDA-ARS, Washington, DC. Deet (or
AI3-22542, 95% liquid) was purchased from Virginia
Chemical, Portsmouth, VA.

Bioassay Procedures. The test animals, mature E.
agilis, Moina sp., Cypricerus sp., and fourth-instar C.
decorus larvae were collected from outdoor ponds
maintained at the USDA’s Center for Medical, Agri-
cultural and Veterinary Entomology (CMAVE),
Gainesville, FL. Male and female S. spiculatus adults
tested separately, and first-instar and fourth-instar lar-
vae of Tx. amboinensis were obtained from laboratory
populations of these organisms maintained at the
CMAVE, Gainesville, FL.

For bioassays, 20 individuals of each test organism,
except for Tx. amboinensis and C. decorus, were placed
into separate 120-ml disposable plastic cups, each con-
taining 100 ml well water. Five serial dilutions (0.1,
0.05, 0.01, 0.005, and 0.001%) of each compound in
acetone were made. For treatments, 1 ml of each
concentration (serial dilutions) of a compound was
added to a series of five cups; and one cup, maintained
as control, received 1 ml of acetone only. Thus, 18 cups
were used to test all three compounds simultaneously
against one organism. This procedure was also fol-
lowed for tests with first- and fourth-instar larvae of Tx.
amboinensis except that only one mosquito larva/cup

Table 4. Laboratory mortality of field-collected Cypricercus
bioassay cups for 24- and 48-h periods at five rates of treatment

of an instar was used. Similarly, five field-collected
fourth-instar larvae of C. decorus/ cup were tested us-
ing the procedures of Mulla and Khasawinah (1969).
In each test, mortality of a test organism in the cups
was scored at 24- and 48-h posttreatment. All three
repellents were tested against each species on four
different occasions at 24 + 1°C room temperature and
a photoperiod of 14:10 (L:D) h.

Data Analysis. A 3 X 5 X 2 factorial split-plot design
(Steel and Torrie 1980) was employed for data analysis
of each organism. Factor 1 consisted of three treatment
materials (deet, AI3-37220, and AI3-35765), factor 2 was
five application concentrations (0.1, 0.05, 0.01, 0.005, and
0.001%) of each material, and factor 3 was two exposure
times (24 and 48 h) of each species to the test materials.
A computer-based probit analysis (Finney 1971) was
used to analyze dosage response of each species to the
test materials. For some species, 24-h LCy, and LCy,
values were estimated by nonlinear interpolation be-
cause of the lack of fit to the linear regression model. A
multiway analysis of variance test was separately per-
formed on each species using a computer program (True
Epistat Manual 1989); data were transformed using the
Vx + 1 transformation to improve homoscedasticity.
The mean separation test was not performed because it
would not benefit the dose-response toxicity data.

Results

Acute toxicity of the three test oviposition repel-
lents to the ostracod, Cypricercus sp., cladoceran

sp. (Ostracoda) exposed to three mosquito repellents in disposable

Repellents” and mean *+ SE mortality for 24- and 48-h exposures”

T;sf:f.“;;t AI3-37220 AI3-35765 AI3-22542 (deet)
’ 24h 48h 2h 48h 2h 48h

0.1 100 + 0 100 = 0 100 = 0 100 = 0 100 + 0 100 = 0
0.05 100 + 0 100 =0 75+3 100 = 0 95+ 2 100 =0
0.01 25+ 3 3B5+5 10+2 0+5 557 80+ 3
0.005 15+1 20+ 2 10+1 25+ 4 10+1 25+ 3
0.001 3+1 10=3 0+0 7+3 0+0 8+3
Control 0+0 00+ 0 0+0 0+0 2+ 04 2+ 04

Twenty Cypricercus sp./cup; four replicates for each treatment rate and control.
“F = 17.27; df = 2, 10; P < 0.001.
P F = 179.07; df = 1, 10; P < 0.001.
°F = 752.72; df = 5, 10; P < 0.001.
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Table 5. Laboratory mortality of field-collected Moina sp. (Cladocera) exposed to three mosquito repellents in disposable bioassay

cups for 24- and 48-h periods at five rates of treatment

Repellents® and mean * SE mortality for 24- and 48-h exposures

b

Ti:f:f.“;‘t AI3-37220 AI3-35765 AI3-22542 (deet)
’ 24h 48h 24h 48h 24h 48h

01 100 = 0 100 = 0 100 = 0 100 = 0 100 = 0 100 = 0
0.05 100 £ 0 100 £ 0 79 = 37 100 +0 70 + 37 100 +0
0.01 34+ 98 985 19 =17 92+ 10 20 + 24 84+ 15
0.005 7+11 63+ 25 3+5 72+ 4 0+0 44+ 3
0.001 77 12+8 4=7 10+7 2+2 5+5
Control 0=0 2+9 0=0 0%0 0%0 0%0

Twenty Moina sp./ cup; four replicates for each treatment rate and control.

“F = 1348; df = 2, 10; P < 0.001.
P F = 21155 df = 1, 10; P < 0.001.
°F = 448.05; df = 5, 10; P < 0.001.

Moina sp., and copepod E. agilis is summarized in
Table 1. Among the three crustaceans, E. agilis showed
a somewhat similar susceptibility response to all three
test repellents with an LC,, range of 0.057% (AI3-
37220) to 0.066% (AI3-22542 or deet). The response of
Cypricercus sp. and Moina sp. to AI3-37220 and AI3-
35765 was very similar as indicated by their similar
LCy, and LCy, values (Table 1). Among the three
compounds tested, deet was the most toxic to Cyp-
ricercus sp. (LCyy = 0.033%), whereas AI3-37220 was
the most toxic to Moina sp. (LCgy, = 0.04%) as well as
to E. agilis (LCqyy = 0.057%).

Susceptibility data on the nematode S. spiculatus to
the three oviposition repellents is shown in Table 2.
Based on the LCy, values, male S. spiculatus were
3.98-5.7 times more susceptible to the three repellents
than the respective females. Among the test repel-
lents, deet was the least toxic and AI3-37220 the most
toxic to male as well as female S. spiculatus; the LCqy
values of male S. spiculatus for all three repellents were
generally higher than those observed for the three
crustacean invertebrates.

As for the dipterans tested, first-instar larvae of Tkx.
amboinensis were 2.1-4.2 times more susceptible to
the three repellents than the respective fourth instars
(Table 3). AI3-37220, AI3-35765, and deet, in that
order, were toxic to both larval instars of this preda-
tory mosquito. Against fourth-instar C. decorus midge
larvae, AI3-37220 (LC,, = 0.058%) was the most toxic

followed by deet (LCo, = 0.064%), and AI3-35765
(LCyy = 0.105%), showing that fourth-instar midge
larvae were 1.7-3.1 times more susceptible to the three
repellents than the fourth-instar larvae of Tx. am-
boinensis (Table 3). In all tests, the lowest LCy, value
was that of Cypricercus sp. with deet (LCqy, = 0.033%)
and the highest (LCy, = 0.717%) for female S. spicu-
latus with deet. Thus, up to 21-fold susceptibility dif-
ference occurred in the invertebrates tested against
the three mosquito oviposition repellents.

Factorial analysis revealed that the test repellents
(F=1727;df = 2,10; P < 0.001), treatment rates (F =
752.72; df = 5,10; P < 0.001), and exposure time (F =
79.07;df = 1, 10; P < 0.001) affected percent mortality
of Cypricercus sp. Also, there was a significant differ-
ence between repellents and treatment rate interac-
tion, repellents and exposure time interaction, and
treatment rate and exposure time interaction (Table
4). Datain Table 5 show that the repellents (F = 13.48;
df =2,10; P<0.001), treatment rates (F = 448.05; df =
5,10; P < 0.001), and exposure time (F = 211.55; df =
1, 10; P < 0.001) affected percent mortality of Moina
sp.; there also was significant interaction between
treatment rate and exposure time. In the case of E.
agilis, the three repellents did not result in signifi-
cantly different percent mortalities (F = 3.06; df = 2,
8; P>0.05); however, the treatment rate (F = 1,043.38;
df = 4,8; P <0.001), and exposure time (F = 168.75;
df =1,8; P <0.001) affected E. agilis mortality (Table

Table 6. Laboratory mortality of field-collected Eucyclops agilis (Copepoda) exposed to three mosquito repellents in disposable

bioassay cups for 24- and 48-h periods at five rates of treatment

Repellents” and mean + SE mortality for 24- and 48-h exposures”

Treatment

B AI3-37220 AI3-35765 AI3-22542 (deet)

’ 24 h 48 h 24 h 48h 24 h 48h
0.05 100 + 0 100 + 0 99+ 1 100 = 0 100 = 0 100 = 0
0.01 22+ 1 95+ 1 17+1 80+ 2 22+ 1 75+2
0.005 10+0 17+1 9+1 20+ 1 10+0 12+1
0.001 2+0 5+1 0+0 4=1 5+0 7+1
Control 2+0 240 2+0 2+0 2+0 2+0

Twenty E. agilis sp./ cup; four replicates for each treatment rate and control.

“F = 3.06; df = 2, 8 P > 0.05.
b F = 168.75; df = 1, 8; P < 0.001.
°F = 1043.38; df = 4, 8; P < 0.001.
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Table 7. Mortality of laboratory-reared adult male and adult female parasitic nematode, Str

mosquito oviposition repellent
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rmis spi us, exposed to three

y cups for 24- and 48-h periods at five rates of treatment in the laboratory

Treatment

Repellents® and mean * SE mortality for 24- and 48-h exposures

b

rate” % AI3-37220 AI3-35765 AI3-22542 (deet)
’ 24h 48h 24h 48h 24h 48h
Adult male?
0.1 100 =0 100 =0 100 =0 100 =0 100 =0 100 =0
0.05 B*E1 95+3 47+ 4 95+3 28 +1 98 *9
0.01 2+1 5+1 8§+1 14+1 7x1 14+ 1
0.005 2+1 2+1 2+1 4+1 4+1 4+1
0.001 2+1 2+1 00 0x0 2+1 2+1
Control 2+1 2+1 2+1 2+1 0+0 0+0
Adult female?

0.1 852 100 =0 703 100 =0 55*1 95 *1
0.05 15+ 1 85+ 3 12+1 7*2 10 + 1 67+ 3
0.01 4+1 9+1 8§+1 100 3*+1 8§+1
0.005 2+1 3+1 00 2+1 3+1 3*+1
0.001 4+1 4+1 2+1 2+1 0+0 0+0
Control 0x0 0x0 2+1 2+1 0x0 0x0
Twenty adults/cup; four replicates for each treatment rate and control.

“F = 1.20; df = 2, 36; P > 0.05.

bF=18.77, df = 1, 36; P < 0.001.

°F = 166.32; df = 5, 36; P < 0.001.

4F = 14.40; df = 1, 36; P < 0.001.
6). Also, the repellents and treatment rate, repellents Discussion

and exposure time, and treatment rate and exposure
time interactions were significant.

Table 7 shows that the three repellents did not induce
a significantly different mortality of S. spiculatus. How-
ever, treatment rate (F = 166.32; df = 5, 36; P < 0.001),
exposure time (F = 18.77; df = 1, 36; P < 0.001), and sex
(F = 14.40; df = 1, 36; P < 0.001) affected percent
mortality of this nematode. Also, treatment rate and
exposure time, treatment rate and sex, and exposure time
and sex interactions were significant.

The test repellents and the exposure times did not
have significant difference in percent mortality of lar-
val C. decorus and Tx. amboinensis (Tables 8 and 9).
However, treatment rate (F = 158.35; df = 5, 10; P <
0.001) affected the larval midge mortality and Tx.
amboinensis larval mortality (F = 19.83;df = 5, 36; P <
0.001) as well as larval instar (F = 9.13;df = 1, 36; P <
0.001). There were no significant differences between
any interactions concerning larval C. decorus as well as
first- and fourth-instar larvae of Tx. amboinensis.

Among the aquatic invertebrates exposed to the
various mosquito oviposition repellents in this study,
Cypricercus sp. was the most susceptible to deet
(LC5o = 0.012% or 120 ppm) and female S. spiculatus
was the least susceptible to deet (LCs, = 0.127% or
1,270 ppm). The sensitivity of some test invertebrates
differed according to life stage and sex. For example,
the first-instar larva of Tx. amboinensis was more sen-
sitive to the test compounds than the fourth instar, and
S. spiculatus males were more sensitive than females.
This result may be because of the smaller body size of
first-instar Tx. amboinensis, compared with the fourth
instar; and the same explanation may be true for S.
spiculatus males, which are smaller in body size than
females.

There are no previous data in the literature con-
cerning the activity of the test repellents against any
aquatic nontarget invertebrates for purposes of com-
parisons. However, the comparatively high LC, val-

Table 8. Laboratory mortality of field-collected Chironomus decorus larvae exposed to three mosquito oviposition repellents in
disposable bioassay cups for 24- and 48-h periods at five rates of treatment

Repellents” and mean = SE mortality for 24- and 48-h exposures”

T;sf:f.“;;t AI3-37220 AI3-35765 AI3-22542 (deet)

’ 2h 48h 24h 48h 24h 48h
01 100 = 0 100 = 0 100 = 0 100 =0 100 =0 100 + 0
0.05 950 100 + 0 70+ 2 100 + 0 80+ 1 100 + 0
0.01 6+1 6+1 61 61 61 10=1
0.005 6+1 6+1 6+1 61 61 6+1
0.001 6+1 61 6=1 6=1 0%0 6+1
Control 0+0 10+1 6+1 61 10=1 10=1

Five larvae/ cup; four replicates for each treatment rate and control.

“F =1.24; df = 2, 10; P > 0.05.
PF =382 df = 1,10; P> 0.05.
“F = 158.35; df = 5, 10; P < 0.001.
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Table 9. Mortality of laboratory-reared first- and fourth-instar
mosquito larval predator, Toxorhynchites amboinensis, exposed to
three mosquito oviposition repellents in disposable bioassay cups
for 24- and 48-h periods at five rates of treatment in the laboratory

Repellents” and mean = SE mortality for 24- and
48-h exposures”

Treatment

rate,* % AI3-37220 AI3-35765 AlI3-22542
(deet)
24 h 48 h 24 h 48 h 24 h 48 h
1st instar?
0.1 100 100 100 100 100 100
0.05 90 100 90 100 60 100
0.01 30 80 20 70 30 50
0.005 0 20 0 0 10 20
0.001 0 20 0 0 0 0
Control 0 0 0 10 0 10
4th instar?
0.1 90 90 60 90 50 60
0.05 40 50 0 20 10 10
0.01 0 0 0 0 0 0
0.005 0 0 0 0 0 0
0.001 0 0 0 0 0 0
Control 0 0 0 0 0 0

One larva/ cup; four replicates for each treatment rate and control.
“F = 0.44; df = 02, 36; P > 0.05.

bF =223 df = 1, 36; P > 0.05.

°F = 19.83; df = 5, 36; P < 0.001.

4F =913, df = 1, 36; P < 0.001.

ues of the tested repellents than the reported activity
levels of two organophosphorus insecticides and an
insect growth regulator (IGR) against some Copep-
oda and a cladoceran species suggest a several-fold
safety margin of the experimental repellents to the
aquatic invertebrates tested. For example, malathion
and temephos were reported to have LCy, values of
<25 ppb against species of Copepoda (Helgen et al.
1988, Naqvi and Hawkins 1989, Forget et al. 1998), and
the IGR diflubenzuron had an LC;, value of 0.15 ppb
against Daphnia magna (Julin and Sanders 1978).
The results of this study also indicate the several-
fold higher LCy, values of the tested nontarget inver-
tebrates when compared with laboratory and field
LCy, values of 0.001-0.011% or 10-110 ppm required
for anti-oviposition activity of Ae. albopictus with the
three repellents (R.-D.X. and D.R.B., unpublished
data). These repellents, even when used as larvicides
for purposes of controlling younger instars of Ae. al-
bopictus, may cause minimal or no adverse effects on
the nontarget invertebrates because of the generally
lower LCs, values (0.0050-0.021% or 50-210 ppm) for
first-instar Ae. albopictus (R.-D.X. and D.R.B., unpub-
lished data) than for the invertebrates tested in the
current study. However, for controlling fourth instars
of Ae. albopictus (LCs, = 0.019-0.034% or 190-340
ppm) with the test repellents (R.-D.X. and D.R.B,,
unpublished data), the possibility exists that simulta-
neous reductions of chironomid larvae (LCs, = 0.017-
0.024 or 170-240 ppm) and first-instar Tx. amboinensis
(LCsy = 0.017-0.022% or 170-220 ppm) will occur
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because of the lower LC;, values of these nontarget
organisms, compared with fourth-instar Ae. albopictus.
Nevertheless, within the context of using repellents as
mosquito larvicides, the dosages required would be
extremely high as compared with the activity of some
mosquito larvicides and IGRs reported previously by
Ali et al. (1995) where the LCy, values for Ae. albo-
pictus with some organophosphates ranged from
0.0033 to 0.379 ppm, with pyrethroids 0.00095 to 0.0052
ppm, and with IGRs 0.00011 to 0.0022 ppm.
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